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[Name of Document ] Specification 

[Title of the Invention] BINDER COMPOS IT TON FOR ELECTRODE 
FOR ELECTRIC: DOUBLE LAYER CAPACITOR AND USE THEREOF 

[Scope, of Claims for. a. Patent] 

[Claim I ] A binder, composition for an electrode for an 
electric double layer, capacitor comprising a binder 
polymer dispersed in water, wherein 
said binder polymer comprises; 

50 to 98% by mole of monomer units (a) derived from 
a compound represented by the following general formula 

CJHa-CR*- COOR* (I): 
wherein R 1 represents a : hydrogen atom or an alky! group, 
and R 2 represents an. alkyl. group haying 2 to 18 carbon atoms 
or a cyc.Ioal.kyl group having 3 to 18 carbon, atoms; 

1 to 30% by mole of monomer units (b.) derived from 

an ,<x, P~e.thylenic.ally unsaturated nit rile compound; and 

0,1 to 10% by mole pf monomer: units (c) derived from, 
a multifunctional ethyienically unsaturated car boxy lie 
acid ester,, 
and. 

said binder polymer has a glass transition temperature 
from -8:0. to o°c. 

[Claim 2] The binder composition for the electrode for 
the electric double layer capacitor according to claim 
1> wherein the; binder polymer further comprises 1 to 10% 
by mole of monomer units (d) derived from an ethyienically 
u« s a t ur at e d car bo xylic a c I d . 

[Claim; 3] A slurry for an electrode for an electric 
double: layer capacitor, comprising the binder composition 
for the electrode fox the electric double layer capacitor 
as claimed In claim 1 or 2 f _ and a carbonaceous material. 

[Claim 4] An electrode for an electric double layer 
capacitor, wherein an, electrode layer is bound onto a 
current collector,, the. electrode layer comprising a 
carbonaceous material, and a binder polymer 
wherein 
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said, binder polymer - comprises : 

5 0 to 98% by mole of monomer units (a) derived from 
a. compound represented by the following general formula 

CH 2 .-C!r-COOR 2 (1) 
wherein R 1 represents a hydrogen atom or an alkyl group., 
and R 7: represents an alkyl group having 2 to 18 carbon atoms 
or a cycloalkyl. group haying 3 to 18 carbon atoms; 

1 to 30% by mole of monomer units lb) derived from 

an a, f3-ethyienicaliy unsaturated nitrile compound ; and 

0.1 to 10% by mole of monomer units (c) derived from 
a multifunctional ethylenical ly unsaturated carboxylic 
acid ester ( 
and 

said binder polymer has a glass transition temperature 
from -80 to 0°C . 

[Claim 5] The electrode for the electric double layer 
capacitor according to claim 4 , wherein the binder polymer 
further comprises 1 to 10% by mole of monomer units (d) 
derived from ah ethyleni.cal.ly unsaturated carboxylic 
acid. 

[Claim 6] An electric double layer capacitor having the 
electrode for the electric double layer capacitor as 
claimed in claim 4 or 5. 



3 



[Detailed, description of the invent ion] 



[00 01] 

[Technical Field] 

The, present invention relates to a binder 
composition for an electrode for an electric double layer 
capacitor,, an electrode produced by use. of this binder., 
and an electric, double layer capacitor ..having this 
electrode. 

[0002] 

[Background of the Invention] 

About electric double layer capacitors, wherein an 
electric double layer made of a polarized electrode and. 
an. electrolytic interface is used, in particular, 
coin -shaped ones., the demand thereof as memory backup 
power sources has been rapidly expanding in recent years. 
Meanwhile, attention has been paid to the use of electric 
double layer capacitors, which are characterized by 
hav ing a high power density, for articles for which a large 
capacity is necessary, such as power sources for 
electromobile. 

[00033 

As the electrode material of electric double layer 
Capacitors,, a carbonaceous material, such as active 
■carbon,, is mainly used. In order to cause the 
carbonaceous material to be held on a current collector, 
the carbonaceous material is used by mixing with a binder 
polymer,, which may be. referred to merely as a. binder 
hereinafter. As a conventional binder for an electrode 
for an. electric double layer capacitor, 
poiytefcraf luoroe thylene (PTFl) has been used. As the 
method for binding, a carbonaceous material containing a 
binder onto the surface of a current collector, there has 
been adopted a method of incorporating and dispersing the 
carbonaceous, material into a solution or latex of the 
binder to prepare, a slurry (in the form of a homogeneous 
paint), applying the slurry onto, the current collector, 
and then drying the applied slurry. 

[00 04] 

However, in the case of using PTFE as the binder, 
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the following problems are caused; when the amount thereof 
is small,, the binding force thereof to the current, 
collector is insufficient;; and when the amount is large, 
the internal resistance; of the electrode becomes high. 
[0005] 

Against the above-mentioned problems, there have: 
made some approaches for supplying an elect rode which has 
flexibility and excellent binding force by use of a small 
amount of an elastomer as the binder . For example, 
suggested are a method of ; using a styrene -butadiene based 
polymer having a specif ic composition as the binder (see 
Patent Document 1) and a method of using a mixture of 
a styrene -butadiene based polymer and a cellulose based 
polymer as the binder (see Patent Documents 2 and 3} . 

[0006] 

[Patent Document 1] JP-A-Hll- 162794 

[Patent Document 2] JP-A- 2 000-208.368 

[Patent Document. 3] JP-A-2001-307965 

[0007] 

[Problems to. Be. Solved by the Invention] 

However, these binders have a problem of being poor 
in heat resistance. In other words, the binders have the 
following problem. Active carbon, which is used as 
electrode material , easily adsorbs water since active 
c.arbon,has. a large specific, surface area . It is therefore 
necessary to dry the slurry thereof applied onto a current 
collector at high temperature so as to remove water 
therefrom. However, when a styrene -butadiene based 
polymer is used, as the. binder therefor, its flexibility 
is lost by the: high- temperature drying so that the active 
carbon is peeled from the current collector or the 
electrochemical, stability lowers. 

[0008] 

Thus, an object of the present invention is to 
provide a new: binder composition for electric double layer 
capacitor which comprises, a: binder having a good binding 
force and an excellent heat resistance, and an electrode 
having the binder. Another object of the invention is to 
provide an eiectrochemieally stable electric double layer 
capacitor having a high capacity. 
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[0009] 

[Means for Solving the Problems] 

In order- to solve the above-mentioned problems , the 
inventors have made eager investigations.. As a result, 
the inventors, have f ound out that a binder which comprises 
an. acrylate copolymer having a specif ic composition and 
has a glass transition temperature within a specific range 
is excellent in binding force, flexibility and heat 
resistance.. The inventors have also found out that an 
electric double layer capacitor having an electrode 
produced, by use of this binder has. a high, capacity and 
electrochemical stability. On the basis of these 
findings,, the. present invention has been made. 

[0010] 

Thus.,, according to the present invention, provided 
is a binder composition for an electrode for an electric 
double: layer capacitor comprising a binder polymer and 
water,, wherein 

said binder polymer comprises : 

5 0. to 98% by mole of monomer units (a) derived from 
a compound, represented by the following general formula 

CH 2 =CR 1 -GOOR 2 (i) 
wherein R :i represents a hydrogen atom or an alkyl group, 
and R 2 represents an alkyl group having 2 to .1.8 carbon atoms 
or a cycloaikyi group having 3 to 18 carbon atoms; 

1 to 3 0% by mole of monomer units (b) derived from 

an a,f>-ethylenica.lly unsaturated nit rile compound; and 
0.1 to 10%; by mole of monomer units (c) derived from 
a multifunctional ethylenicaily unsaturated earboxylic 
acid ester, 
and 

said binder polymer has a glass transition temperature 
from - 80 to 0°C . 

According to the present invention, provided is also 
a slurry for an electrode for an electric double layer 
capacitor, comprising the above-mentioned binder 
composition for the electrode for the electric double 
layer capacitor, and; a carbonaceous material.. 
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[0 011} 

Furthermore.,, according to the present invention, 
provided is sn electrode for an electric double layer 
capacitor, wherein an. electrode layer is hound onto a 
current collector,, the electrode layer comprising a 
carbonaceous material, and a. binder polymer wherein 
said binder polymer comprises.: 

5 0 to 98% by mole of monomer units (a) derived from 
a compound represented by the. following general formula 

CR 2 ^C.R l ~COOVt 2 (1) 
wherein R 1 represents a hydrogen atom or an alky 1 group, 
and R z represents an a Iky I group, having 2 to 13 carbon atoms 
or a cycioalkyl group having 3 to 18 carbon atoms; 

1 to 3 0% by mole of monomer units (b) derived from 

an a, P-ethylenically unsaturated nitrile compound ,- and 

0 . 1 to 10% by mole of monomer units (c) derived from 
a multifunctional ethylenieally unsaturated carboxylic 
acid ester, 
and. 

said binder polymer has a glass, transition temperature 

from -80 to. 0 9 C . 

And. provided is an electric double layer capacitor 
having this electrode. 

[0012] 

[Mode for Carrying out. the Invention] 

The present invention, will be described 
hereinafter. 

I! Binder composition for an .electrode for an electric 
double, layer capacitor 

The binder composition of the present invention for 
an electrode for an electric double layer capacitor is 
a composition comprising a binder polymer and water, 
wherein, said binder polymer comprises - 

monomer units (a) derived from a compound 
represented by the following general formula 

CH^Cir-COOR 2 (1) 
wherein R 1 represents a hydrogen atom or an a iky I group., 
andR 2 represents an alky 1 group having 2 to IB .carbon atoms 



or: a cycloalkyl group haying- 3 to IS carbon atoms;. 



monomer units, (b) derived .from an a, p-ethyleni eally 

unsaturated nitrile compound; and 

monomer units, (c) derived from a .multifunctional 
echylenicaily unsaturated, carboxylic acid ester. 

[0 013] 

The content of the monomer units (a) derived, from 
a compound represented by the general formula (1) in the 
binder polymer used, in the present invention is from 5,0 
to 3 8% by mole, preferably from 60 to 3 0% by mole of the 
total of the. polymer . If the content of the monomer units 
derived from; a compound represented by the general f ormula 
(1) is too small, the binding force of the electrode layer 
and the flexibility of the electrode may lower. 

[0014] 

In the general formula (l) , R 1 represents a hydrogen 
atom or an alky! group . The number of carbon: atoms in the 
alkyl group is usually from 1 to 10, preferably from 1 
to 3 , and more preferably 1 , 

represents an alkyl group having 2 to 1:8 carbon 
atoms or a cycloaikyl gfoup having 3 to 18 carbon atoms.. 
The alkyl, group is preferred. The number of carbon atoms 
therein is more preferably from 3 to 16, in particular 
preferably from 4 to 12 . 

[0015] 

Examples of the compound represented by the general 
formula ( l ) include alkyl acrylates such as ethyl acrylate, 
propyl acrylate, isopropyl acrylate, n-butyl a cry late , 
isobutyl acrylate , t -butyl acrylate, n-amyl acrylate, 
i soamyl acrylate, n-hexyl acrylate, 2-ethyihexyl 
acrylate., hexyl acrylate, nonyl acrylate, la.ur.yl acrylate, 
and stearyl acrylate; alkyl roethacrylates such as ethyl 
methacrylate, propyl methacrylate , isopropyl 
methacry late , n -bu tyl . methacrylate, isobutyl 
methacrylate, t -butyl methacrylate, n-amyl methacrylate, 
i soamyl methacrylate, n-hexyl methacrylate, 2 - ethyl hexyl 
methacrylate, octyl methacrylate, Isodecyl methacrylate, 
lauryl methacrylate, tridecyl methacrylate , and stearyl 
methacrylate; cycloaikyl acrylates such as isobornyl 
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aery 1 ate; aB.d.cyc.loalxyl methacrylates such as eyclohexyl 

me th aery late . Of these;, n -butyl aery late and 

2 -ethylhexyl a cry late are particularly preferred. 

These compounds represented by the general formula 
(1) may be used alone or in combination of two or more 
thereof . 

[0016]: 

The. content of the monomer units (b) derived from 
an a, 3 -ethylenically unsaturated nitrile compound in the 

binder polymer is from 1 to 30% by mole.,, preferably from. 
3: to 25% by mole, more preferably from 5 to 22% by mole 
of the. total of the polymer . If the content of the monomer 

units, {is.} derived f rom an a, fJ-ethyienically unsaturated 

nitrile compound is too. large,, the flexibility of the 
electrode, tends to be poor and the heat resistance thereof 

tends; to lower. Examples of the a > J3 - e thy 1 en i eal ly 

unsaturated nitrile: compound include aeryionitrile and 
methacryloni trile . 

[0017:] 

The content of the monomer units (c) derived from 
a multifunctional ethylenically unsaturated car boxy lie 
acid ester in. the polymer is from 0.1 to 10% by mole , 
.preferably from 0.2 to 7% by mole, more, preferably from 
0.5 to 5% by mole of the total of the polymer. When the 
content of the monomer units derived from a 
multifunctional, ethylenically unsaturated carboxylic 
acid ester is in this range , the polymer can be rendered 
a polymer having a high resistance against electrolytic 
solution . 

[0018] 

Examples of the multifunctional ethylenic 
carboxylic acid ester include dimethacrylat.es such as 
ethylene glycol dimethacrylate , diethylene glycol 
dimethacrylate, 1 , 3 -butylene glycol dimethacrylate, and 
polyethylene glycol dimethacrylate; trimethacryl.at.es 
such as trimethylolpropane trimethacryiate; diacrylates 
such as diethylene glycol diacrylate, 1., 3 -butylene glycol 
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diacryi.ate., t rip ropy lene glycol acrylate, 1 , 4 -butanedipl. 
acrylate , neopentyi glycol d-i.acryl.ate , 1 , 6 -hexanediol 
acrylate , 1 , 9 -nonartediol acrylate-, and polyethylene 
glycol diacrylate; and triacrylates such as 
t rime thyl Olpropane triacrylate . 

[0019] 

The hinder polymer used in the present invention may 
have, monomer units (d) derived from an ethylenieally 
unsaturated carboxylic acid besides the monomer units (a) . 
(b) and lei. The content; of the .monomer units (d) is 
preferably from: i to 10% by mole, more preferably from 
2 to 7% by mole of the total of the polymer. When the 
content of the monomer units (d) is in this range, the 
binding force of the. electrode layer to a current collector 
can be improved. 

[002 0] 

Examples of the ethylenieally unsaturated 
carboxylic acid include ethylenieally unsaturated 
monocarboxylic acids such: as acrylic acid, methacrylic 
acid, and crotonic acid.;, and ethylenieally unsaturated 
diearboxylic acids such as raaleic acid,, fumaric acid, 
citraconic acid, mesaconic acid, giutaconic acid, 
itaconic acid, crotonic acid, and isocrotonic acid. Of 
these, ethylenieally unsaturated monocarboxylic acids 
such as acrylic acid and methacrylic acid are preferred. 

[0 021] 

It is preferred that the binder polymer used in the 
present, invention does not substantially have any monomer 
unit derived from a conjugated diene such as. butadiene 
or isoprene . Since a polymer having a monomer unit 
derived from, a conjugated: diene has a double bond in the 
molecular chain, on. the basis of this, cross linking 
thereof, advances or deterioration thereof is. caused by 
oxidizing, so that the binding force of the heated and 
dried electrode layer may lower.. 

[0022] 

The binder polymer used in the present invention may 
comprise a monomer unit derived from a c opo 1 yme r i z ab 1 e 
monomer as long as the advantageous effects of the 
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invention are not reduced. Examples of the 
copolymer! z able monomer include 1 -olefins such as 
ethylene, propylene, and. 1-butene,- acrylic acid esters 
having, an alkyl. group with a substituent, such as 
hydroxy ethyl aery late, hydroxypropyl aery late, 
hydroxybutyl acrylate, and di methylaminoethyl a cry late ; 
methacrylie acid esters in which the alkyl group thereof 
has a substituent,. such as hydroxypropyl. methacryiate , 
dimethyl am.inoethyl methacryiate., die thy 1 am ino e t hy 1 
methacryiate, methoxypolyethylene glycol 
monomethacrylate, and: benzyl methacryiate ; cro tonic acid 
esters such as methyl crotonate, ethyl crotonate , propyl 
crotonate , butyl crotonate, isobutyl crotonate, n-amyl 
crotonate:, isoamyl crotonate, n-hexyl crotonate , 

2 - ethyihexyl crotonate, and hydroxypropyl crotonate ; 
maieic acid di esters such, as dimethyl maleate, di butyl, 
maleate , and di- 2 -ethyihexyl maleate,- fumarlc acid 
diesters such as dimethyl fumarate, and dibutyl f umarate ; 
itaconic acid diesters such as dimethyl itaconate, and 
dibutyl itaconate; unsaturated dicarboxylic acid 
anhydrides: such as mal.eic. anhydride , citraconi.e anhydride , 
and itaconic anhydride ,- aromatic vinyl compounds such as 

styrene, a - m e t hy 1 s t y r ene , 2 -methyls tyrene, 

3 - methylstyrene , and 4 --methyls tyrene . 

These monomers may be used in combination of two or 
more thereof . The total of the contents of these monomer 
units is .15% or less by mole, preferably 5% or less by 
mole of the total, of the polymer . 

[0 02 3] 

The glass transition temperature (Tg} of the binder 
polymer is from -80 to 0°C, preferably from -60 to - S°C, 

more preferably from -50 to -10°C. If the Tg is too high, 

the flexibility and the binding force of the electrode 
lower so that its electrode layer is easily peeled from 
the current collector * If the Tg is too low,, the discharge 
capacity of the capacitor may lower. 

[0024;] 

The particle: diameter of the binder polymer is 
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usually from 50 to 10 00. nm, preferably from 70 .to 30 0 nm, 
more preferably from. 1,00 to 500 nra. If the particle 
di ameter is too large, a necessary amount of the binder 
becomes too: large so that the internal resistance of the 
electrode may increase. Conversely,, if the particle 
diameter is too small, the binder may cover and hide the 
surface of the carbonaceous material to inhibit the 
reaction. The particle diameter is a number- average 
particle diameter obtained by measuring the diameters of 
100 polymer particles which are randomly selected on a 
transmission electron microscopic photograph and 
calculating the arithmetic average thereof . 

[0025] 

The method for producing the binder is not 
particularly limited. The binder can be obtained by 
polymerizing the above-mentioned respective monomers by 
a known polymerization method such as emulsion 
polymerization, suspension polymerization, dispersion 
polymerization or solution polymerization. Of these , the 
production by emulsion polymerization is preferred since 
the. particle diameter: of: the. polymer is easily controlled . 

[00261 

The binder composition of the present invention is 
a composition in which the above-mentioned binder polymer 
is dispersed in water. The method for dispersing the 
polymer into water is not particularly limited . It is 
advisable that the polymer made into a fine particle form 
by, for example, spray- drying technique or pulverizing 
is incorporated and dispersed into water in accordance 
with an ordinary method. When the binder polymer is 
obtained as an aqueous dispersion by the above-mentioned 
emulsion polymerization , it is allowable to use the 
polymer directly as the binder composition of the 
invention without being isolated, by adjusting the 
concentration thereof by concentration or dilution as 
needed. The concentration (solid content quantity) of 
the binder dispersed in water is usually from 20 to 70% 
by mass . 

E0 02 71 

2) Slurry for an electrode fox an electric double layer 
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capacitor 

The slurry for an electrode for an. electric double 
layer capacitor of the present invention comprises the 
binder composition of the. present invention and a 
carbonaceous material , and optionally comprises a 
thickener . In the electrode slurry of the invention., the 
carbonaceous material acts as an active material for an 
electrode and an elect xo conductivity supplying agent. 

[00281 

The carbonaceous material which acts as the active 
material for the. electrode, on which electrolyte ion is 
adsorbed in an electric double layer capacitor, is 
p.ref erably powder which is made of active carbon, 
poiyacene or the like and has a specific surface area of 
200 to 3 500 m 2 /g . A fiber or powder such as carbon fiber, 
carbon whisker or graphite can also be used If the specific 
surface area thereof is in the above -merit ipned range . As 
the active carbon, a phenol type, a rayon type,, an acrylic 
type, a pitch type , a coconut shell type or some other 
type can be used. When the particle diameter of the active 

material is from 0 . 1 to 100 jJtm, preferably from 1 to 20 

J-im, the capacitor electrode can easily be made into a thin 

film and the capacity density thereof can also be made 
high . This case is preferred. 

[0029] 

Examples of the carbonaceous material which acts as 
the electroconduct ivity supplying agent are acetylene 
black.., Ketchen black, and carbon black. Any one of them 
is: used in the form of. a mixture with the above-mentioned 
active material for an electrode . When the 
elect roconduc t i v i t y supplying agent is used together with 
the active material in this way, the electric contact 
between individuals of the active material is further 
improved so that the internal resistance of the electric 
double layer capacitor becomes low and further the 
capacity density thereof can foe made high. 

[0.03 0 3 
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The. amount of. the binder polymer in the slurry of 
the. present invention is preferably from 0-1 to 20 parts 
by mass, more preferably from 0 . 5 to 10 parts by mass for 
10 0 parts by mass; of the carbonaceous material . If the 
amount of the binder polymer is too small , the carbonaceous 
material falls off easily from the electrode . Conversely 
if the amount is too large , the carbonaceous material is 
covered and hided with the binder so that the internal 
resistance of. the electrode may increase . 

[Q0 3 1.]. 

The thickener in the slurry in the invention is used 
to improve the applicability of the electrode slurry or 
give fluidity thereto.. The kind of the thickener is not 
.particularly limited, and is preferably a water-soluble 
polymer. 

[0032] 

Specific examples : of the water-soluble polymer 
include cellulose based polymers, such as 
carboxymethylceilulose , methyl cellulose and 
hydr.oxyp ropy 1 cellulose:, and ammonium salts and alkali 
metal salts thereof, polyacrylic (or polyme.tha.cry.lic-) 
acid salts such as sodium polyacryiate (or 
po 1 yme t ha c r y 1 a t e } , polyvinyl alcohol, polyethylene oxide, 
polyvinyl pyrrol idone , copolymer of acrylic acid or an 
acrylic acid salt and vinyl, alcohol, copolymer of male ic 
anhydride, maleic acid or f umaric acid and vinyl alcohol , 
modified polyvinyl alcohol, modified polyacrylic acid, 
polyethylene glycol, polycarhoxylie acid, oxidized 
starch, phosphorylated starch, casein, and various 
modified starches. The used amount of the water-soluble 
polymer is from; 0.5. to. 5 parts by mass, preferably from 
1 to 3 parts by mass per part by mass of the carbonaceous 
material . 

[0033] 

The slurry for an electrode for an electric double 
layer capacitor of the present invention can be produced 
by mixing the binder composition of the present invention, 
a carbonaceous material, and an optional thickener by use 
of a mixer. When preparing the carbonaceous material , it 
is preferable to pre -mix the elect reconduct i-vity 
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supplying agent with the thickener to disperse the agent 
in a particulate form,, and then add the active material 
thereto and mix; with. As the. mixer, there can be used a 
hall mill, a sand mill, a pigment disperser , a grinding 
crusher , an ultrasonic disperser, a homogenizer, a 
planetary mixer, a; hovered mixer, or the like . 

[0034] 

3) Electrode for double, layer capacitor 

The electrode for the electric double layer 
capacitor of the present invention is an electrode in which 
an electrode layer comprising the above -mentioned binder 
polymer and carbonaceous material is bound onto a. current 
collector . 

[0035] 

No especial limitation is imposed on the current 
collector if the current collector is made of a material 
haying electroconductivity and electrochemical 
durability. Preferred are metal materials such as 
aluminum,, titanium;, tantalum, stainless steel, gold, and 
platinum,, and particularly preferred are aluminum and 
platinum, from, the viewpoint of heat, resistance thereof. 
The shape of the current collector is not particularly 
limited,,. Usually, the current collector in the form of 
a sheet having a thickness of about 0.001 to 0 . 5 mm is 
used. 

[0036] 

The electrode for the electric double, layer 
capacitor of the invention can be produced by applying 
the electrode slurry of the invention onto the current 
collector and. then drying, the slurry. The method, for 
applying the electrode slurry onto the current collector 
is not particularly limited. Examples thereof include 
doctor blade.,, dip, reverse roll, direct roll, gravure , 
extrusion, and. brush painting methods.. The amount of the 
applied slurry is not particularly limited. The amount 
is generally such. an. amount that the thickness of the 
electrode layer which is made of the carbonaceous material , 
the binder and so on and is formed after drying will be 
usually from. 0.005 to 5 mm, preferably from D.01 to 2 mm.. 
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Examples of the method for the drying include drying, with 
warm.wind,: hot wind or low --.humidity wind, .vacuum drying, 
and radiation of (far) infrared rays or electron beams. 

The temperature, for. the drying is usually from 12 0 to 250°C, 

preferably from. 150 to 250°C. Furthermore, the density 

of the active material in the electrode may be made high 
by pressing the dried current col lector . Examples of the 
method for the pressing include mold pressing and roll 
pressing . 

[0037] 

4) Electric double layer capacitor 

The electric double layer capacitor of the present 
invention has the above-mentioned electrode . The 
electric double, layer capacitor can be produced by an 
ordinary method using the above -mexiti pried electrodes , an 
electrolytic solution, a separator and other parts . 
Specifically, for example, the capacitor can be produced 
by stacking the electrodes, to sandwich a separator 
therebetween, winding or folding this in accordance with 
the shape of the capacitor, putting the resultant into 
a. container, pouring an electrolytic solution into the 
container, and then sealing the opening thereof . 

[0038] 

As the separators , a known separator can be used, 
example thereof including a fine pore film or nonwoven 
fabric made of a polyolefin such as polyethylene or 
polypropylene , and a porous film made mainly of pulp which 
is generally called electrolytic capacitor paper. 
Instead of the separator, a solid electrolyte or a gel 
el ectrolyte may be used. 

[0 03 9] 

No. especial limitation is imposed on the 
electrolytic solution, and is preferably a non-aqueous 
electrolytic solution, wherein an electrolyte is 
dissolved in an organic solvent . 

As the electrolyte, any electrolyte known in the 
prior art can be used. Examples thereof include 



16 



tetrs.ethylammon ium t et raf luoroborate , 

t r i e t hy I mo ri om e t hy 1 amm on i urn tetraf luoroborate , and 

t e t r ae t hy 1 ammon ium hexaf luorophosphate . 

•[0040] 

No especial limitation is imposed on the solvent 
(electrolytic solution solvent) in which the electrolyte 
is dissolved if the solvent is a liquid which is generally 
used as electrolyt ic solution solvent . Specific examples 
thereof include propylene carbonate, ethylene carbonate , 

butyl ene carbonate , y-butyrolactone , suif olane , and 

acetonitrile. These may be used alone or in the form of 
a mixed solvent made of two or more thereof . 

[0041] 
[Examples] 

The present invention will be described by way of 
the following examples . However, the invention is not 
limited thereto . In the examples,, part (s) and % are ones 
based on mass unless otherwise specified. 

Testa and evaluation in working examples and 
comparative examples were performed by the following 
methods * 

(0042] 

<Test methods and evaluation methods > 

( 1) Composition ratio of binder polymer 

The content by percentage of each of monomer units 
(composition ratio) in a binder polymer was obtained, by 
'H-and 12 C~3SFMR measurement. 

(2) Particle diameter of binder polymer 

The particle diameter of a binder polymer was 
obtained as the number- average particle diameter obtained 
by measuring 100 polymer particles which are randomly 
selected on a transmission electron microscopic 
photograph and then calculating the arithmetic average 
thereof . 

(3) Glass transition temperature (Tg) 

The Tg of a binder polymer was measured by using a 
differential scanning calorimeter (DSC ) at a temperature 

elevation rate of 10°C /minute. 
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[0043] 

(4) Electrolytic solution swelling ratio of binder 
polymer 

A binder composition was applied onto a glass plate 
so as to give a polymer: film of about Q.l mm thickness, 
and then the film; was air -dried at room temperature for 

24 hours.. Furthermore, the film was vacuum-dried at 12.0°C 

for 2 hours . The obtained cast, film was cut off into a 
piece about 2 cm square, and the mass thereof was measured. 
Thereafter,, the piece was immersed into an electrolytic. 

solution of 70°C . The immersed film was pulled up af ter 

72 hours, and wiped out with, a paper towel - The mass 
thereof was immediately measured, and the value of (the 
mass, after the, immersion): / (the mass before the, immersion) 
was defined as the electro lytic solution swelling ratio* 
As the electrolytic solution, there was used a solution 
in which tetraethyl ammo.n i um tetraf luoroborate was 
dissolved in propylene carbonate to give a concentration 
of 1 mole/ liter . The resistance of the binder polymer 
against electrolytic solution is higher as the 
electrolytic solution swelling ratio thereof is smaller, 

[0044] 

( 5 ) Cy c lie voitamrnetry (CV value) 

Acetylene black and a binder composition were mixed, 
to give the ratio of the acetylene black : the binder 
polymer = 100 : 40 (solid content ratio by mass) to prepare 
a homogeneous slurry . The resultant slurry was applied 

onto an aluminum foil and dried with a fan drier at 3 0°C 

for 3 0 minutes . Thereafter, the slurry was vacuum- dried 

at 150°C for 2 0 hours . This was used as a working electrode. 

Lithium metal foils, were used as a counter electrode and. 
a reference electrode, and the same electrolytic solution 
as used in the (4) was. used to measure the cyclic 
voitamrnetry. As a device for the measurement, the 
following were used: a potent ios tat (HA-3 01, manufactured 
by HOKUT.O DENKO Co., Ltd.) and a simplified functional 
generator (HB-111, manufactured by HOKUTO DENKO Co.., 
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Ltd:, ) . Sweeping conditions were as follows-: the. initial 

voltage was 3 V at 60°C, the turning- back voltage was 5 

V, the sweeping rate was 5 mV/s . The measurement was 
continuously repeated 3 times, using triangular wave 
sweeping . The electric current per unit area {CV value , 

and the unit thereof was j.iA/cm ? ) at 4.6 V in the third 

measurement was measured . The binder polymer is more 
elect rochemi ea 1 ly stable as the CV value thereof is 
smaller, 

[0045] 

(5) Peel strength 

An electrode was cut into a rectangle with 2.5 cm 
width and 10 cm length, and the electrode was fixed to 
direct i ts electrode layer surf ace upwards , A. eel lephane 
tape was adhered onto the electrode layer surface and the 
tape was peeled in the direction of 18 0 0 angle at a rate 
of 5 0 mm /minute . The stress generated was measured 1.0 
times . The average thereof was calculated, and the 
resultant was used as the peel strength. As this value, 
is larger, the binding strength is higher so that. the. 
active material for the electrode is peeled from the 
current collector with more difficulty. 

[0046] 

(7) Discharge capacity of an electric double layer 
capacitor 

An electric double layer capacitor was electrically 
charged up to 2 . 5 V at 4 mA in a thermostat of 70°C, and 
the state that the capacitor was charged was. kept for 2 
hours . Thereafter, the. capacitor was discharged up to 0 
V at a constant current of 1 mA. In this way , the initial 
discharge capacity was. measured , Furthermore , under the 
same conditions , the .capacitor was recharged , and the 
state that the capacitor was charged was kept for 100 hours.. 
Thereafter , the capacitor was discharged at a constant 
current of 1 mA. In this way, the discharge capacity was 
measured. The unit thereof is raWh/g (of the active 
material for an electrode};. 
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[0047] 
Example 1 

Into a reactor with a stirrer were charged 100 parts 
of a monomer mixture having a composition shown in Table 
1., 1. 5; parts of sodium dodecylbenzenesulf onate , 2 50 parts 
of ion-exchange water, and 1.5 parts of potassium 
persulf ate . The solution was sufficiently stirred, and 

then the monomers were polymerized at 80°C for 5 hours to 

yield a latex having a solid content of about 30% . The 
polymerization conversion ratio thereof was 95% or more . 
This latex was. concentrated, under a reduced pressure to 
yield, a binder composition as a latex, having a solid 
content of about 40% . This binder composition was used 
to measure the. composition ratio, the particle diameter, 
the glass transition temperature, the electrolytic 
solution swelling ratiOr and the cyclic voltammetry of 
the binder polymer. The results are shown in Table 2. 

[0048] 

Next,, the following were charged: 5 parts of the 
solid of. this binder composition, 100 parts of high-purity 
active carbon powder having- a specific surface area of 

1500 m 2 7g and an average particle diameter of 10 jxm as an 

active material for an electrode, .4 parts of acetylene 
black as an eiectroconductivity supplying agent, and 2 
parts of carboxymethylcellulos.e (Ceipgen 
(transliteration). 7A, manufactured by Dai-iohi Kogyo 
Seiyaku Co . , Ltd..) . Water was added thereto so as to set 
the concentration of all solids therein into 43%, and then 
a planetary mixer, was used, to mix the components for .6.0 
minutes.. Thereafter, the resultant solution was diluted 
with, water to give a solid concentration of .4.1%, and the 
diluted solution was further mixed for ID minutes to yield 
an electrode slurry . A doctor blade was used to apply thi s 

slurry onto an aluminum, foil of 20 u,m thickness, and the 

applied slurry was dried at 8G°G with a fan drier for 3 0 

minutes, and then vacuum- dried at 25 0°C for 72 hours. 
Thereafter, a roll press machine was used to press the 
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resultant , thereby yielding an electrode having a 

thickness, of 8:0 jj.tr and. a density of 0 .6 g/cm 3 , This 

electrode: was used to measure the peel strength, The 
result is shown in Table 2. 

[0049 3 

The electrode as described above was cut out into 
two circles having a diameter of 15 mm. The electrode 
layer surfaces of the two electrodes were made opposite 
to each other, and a separator that was a circular porous 
film, which had a diameter of 18 mm and a thickness of 

25 jim and was made of polypropylene, was sandwiched between 

the electrodes . This was put into a coin -shaped, 
outer -packaging, stainless Steel container ( diameter : 20 
mm, height : 1 . 8 mm, and stainless steel thickness : 0.25 
mm) to which a packing made of propylene was fitted. An 
electrolytic solution was poured into this container so 
as not to remain air therein. A stainless steel cap of 
0 . 2 mm thickness was put through the polypropylene packing 
onto the. outer -packaging container, and fixed. The 
container was sealed to produce a coin- shaped electric 
double layer capacitor having a diameter of 2 0 mm and a 
thickness of about 2 mm. The used electrolytic solution 
was a solution in which t e t raet hylamraon i urn 
tetraf luoroborate was dissolved in propylene carbonate 
to give a concentration of 1 mole/liter. About the thus 
obtained electric double layer capacitor, the discharge 
capacity thereof was measured . The result is shown in 
Table 2 . 

[0050] 

Examples 2 to 4 , and Comparative Examples 1 to 4 

Binder compositions, electrode slurries, 
electrodes, and electric double layer capacitors were 
produced in the same way as in Example 1 except that 
mixtures; having the composition shown in Table. 1 were each 
used as a monomer mixture . Properties of each of them were 
measured. The results are shown in Table 2, 

[0051] 
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Table 1 





Examples 


Comparative : 
Examples 


1 | 2 ! 3 I 4 


1 I 2 I 3 I 4 


Monomer mixture composition (parts by mass) 






Component (a) 


■ i 1 i'' 




86 




20 








35 


2-Ethyihexyi acrylate 


8:9 




89 


65: 






82 


58 


Polyethylene glycol methacryiate 






3 












Component (b) 


Acrylonrtrile 


7 




5 


10 




12 


16 


7 


Methaerylonitnle 




12 














Component (c) 


Diethyiene glycol dimethacryiate- 




2 


3 


2 




3 


2 




Tetraethylene glycol dimethacrylate 


4 
















Component (d) 


Methacryitc -jet? 








3 










Itaconic acid 










5 








Other 
components 


Methyl acrylate 












20 






Methyl: methacryiate 










10 


65 






Styrene 










46 








Butadiene 










39 









[0052] 
Table 2 





Examples 


Comparative Examples 


1 | 2 I 3 | 4 


1 i 2 i .3 i .4 


The. content (% by mole) of each monomer unit 
in binder polymer 






Component (a) 


n-Butyi acrylate 




78 




21 








38 


7 > v -. acrylate 


77 




L_8JL 


48 






59 


44 


Component (b) 


Acrylonitrile 


21 




16 


25 




20 


40 


18 


Mothacry Mi • •'.< 




21 














Component (c) 


Diethyiene glycol dimethacrylate 






2 






1 


1 




Tetraethvlene glycol dimethacrylate 


2 
















Component Cd) 


Methacrylic acid 








.5 










Itaconic acid 










3 








Other 
components 


Methyl acrvl.»te 
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Methyl methacryiate 










8 


58 






Polyethylene glycol methacryiate 


















Styrene 










34 








Butadiene 










5S 








Binder polymer properties 








Average particle sire (rani 


180 


200 


150 


130 


1 60 


130 


170 


180 


Glass transition temperature ("C) 


-45 


-30 


-50 


-35 


-10 


80 


-35 


-45 


Electrolytic solution swelling ratio 


1.3 


1.3 


1 .2 


1.4 


1.2 


1.6 


1.5 


1.9 


CV value (yA/cm*> 


72 


75 


72 


86 ' 


26C 


80 


72 


77 


Electrode properties 








Peel strength (M/cm) 


0.15 


0.15 


0.16 


0M 


0.05 


0.02 


0:06 


0.10 


Capacitor properties 




















Initio 1 i (mV ( i 


17.6 


17.2 


17.8 


17.8 


16.6 


16.9 


1 6.2 


15.5 


Discharge capacity after' 100 hours at 
■KTC (mWh/K) 


18.4 


163 


!6.5 


16.1 


12.8 


10.2 


13.4 


11.5 
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[0:0533 

As is- evident from. Table -2, the binder polymers 
according to the binder composition of the present 
invention were high in electric stability and the 
electrodes using the binder compositions exhibited a high 
binding strength even if the electrodes were dried at high 
temperature. Furthermore,- the electric double layer 
capacitors produced by use of the electrodes had a large 
initial discharge capacity, and gave a small drop in 
capacity even if the capacitors were kept at high 
temperature for a long time . 

On the other hand, the styrene -butadiene based 
polymer was low in electric stability, and the flexibility 
thereof was lost, by high -tempera ttt .re. drying. Thus, the 
electrode produced by use of the polymer as a binder 
polymer was low in. binding strength {Comparative Example 
1>, The binder polymer made mainly of methyl acrylate 
units and methyl methacrylate units and the binder polymer 
in which the content of aery ion it rile units was too large 
were each low in flexibility; therefore, the electrodes 
f ormed by use of these were also low in binding strength 
(Comparative Examples 2. and 3) . The binder polymer 
comprising no monomer units derived from a 
multifunctional ethylenicaily unsaturated earboxyiie 
acid ester swelled, with the electrolytic solution, 
Consequently, the bonding strength thereof lowered and 
the .initial capacity of the capacitor lowered 
(Comparative Example A), . The electric double layer 
capacitors produced by use of these electrodes were large 
in capacity drop, when the capacitor was kept at high 
temperature for a long time . 

[0054 3 

EFFECT OF THE INVENTION 

As described above , according to the present 
invention, it is possible to yield a new binder composition 
for an electrode for an electric double layer capacitor 
which comprises a. binder good in binding force and 
excellent in heat resistance, an electrode f or an electric 
double layer capacitor having this binder, and an elect ri c 
double layer capacitor which is high in capacity and is 
electroehemically stable . 
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Abstract 

[Object] To provide a new binder composition .for an 
electrode for an electric double, layer capacitor which 
comprises a. binder good in binding force and excellent 
in heat resistance, an electrode for an electric double 
layer capacitor having this binder, and an electric double 
layer capacitor which is high in capacity and is 
electrochemical ly stable.., 

[Acheivement] The object is achieved by use of a binder 
composition for an electrode for an electric double layer 
capacitor comprising a binder polymer and water, wherein 
said binder polymer comprises : 5,0 to 98% by mole of monomer 
units (a) derived from a compound represented by the 
following general formula CH 2 -CR : -COOR 2 (I) wherein R 3 
represents a hydrogen atom or an alkyl group, arid R 2 
represents- an alkyl group having 2 to 18 carbon atoms or 
a cycloalkyl group having 3 to 1.8 caxbon atoms ; 1 to 30% 

by mole, of monomer units (b) derived, from an a, 

fj- ethyl enically unsaturated nitrile compound; and 0... 1 to 

10% by mole of monomer units (c) derived from a 
multi functional ethy.lenic.ally unsaturated carboxylie 
acid ester, and the binder polymer has a glass transition 

temperature from -80 to 0°C. 
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